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Initial ExoMars Requirements in 2006Initial ExoMars Requirements in 2006

Lander mass:Lander mass: 480 kg480 kg
Vertical velocity at impact:Vertical velocity at impact: 12 m/s12 m/s
Horizontal velocity at impact:Horizontal velocity at impact: 9 m/s9 m/s
Lander attitude at impact:Lander attitude at impact: ±± 12 deg12 deg
Terrain slope:Terrain slope: ±± 18 deg18 deg
Rock clearance:Rock clearance: 0.5 m0.5 m
Max deceleration at impact:Max deceleration at impact: 40 g40 gEE
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Vented AirbagVented Airbag
ExoMarsExoMars
Vented Vented 
AirBag SystemAirBag System

FUNCTIONALFUNCTIONAL SEQUENCESEQUENCE

•• AirbagAirbag inflationinflation andand restraintrestraint
releaserelease

•• CushioningCushioning transferstransfers kinetickinetic energyenergy
toto thethe inflationinflation gasgas

•• GasGas isis ventedvented toto thethe atmosphereatmosphere
(careful(careful controlcontrol ofof ventvent timingtiming toto
avoidavoid turnover)turnover)

•• FinalFinal shortshort freefallfreefall toto thethe groundground

•• TorusTorus withwith hexagonhexagon planplan formform
•• EllipticElliptic sectionsection
•• SegmentSegment volumevolume ofof 22 mm33 ((1212 mm33 total)total)
•• SegmentsSegments divideddivided byby internalinternal bulkheadsbulkheads andand

connectedconnected byby smallsmall crosscross ventvent orificesorifices

DESIGNDESIGN
•• EachEach segmentsegment ventsvents independentlyindependently throughthrough aa

ventvent valvevalve
•• VentVent ControlControl UnitUnit basedbased onon laserlaser sensorssensors
•• PetalPetal typetype valvevalve
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Vented AirbagVented Airbag
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Vented AirbagVented Airbag
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ExoMars ExoMars 
NonNon--Vented Vented 
AirBag SystemAirBag System FUNCTIONALFUNCTIONAL SEQUENCESEQUENCE

1.1. AirbagAirbag inflationinflation andand restraintrestraint
releaserelease

2.2. CushioningCushioning transferstransfers kinetickinetic energyenergy
toto thethe inflationinflation gasgas

3.3. SeveralSeveral reboundsrebounds reducereduce kinetickinetic
energyenergy toto zerozero

4.4. ABSABS retractionretraction
5.5. LPLP petalspetals openingopening andand roverrover egressegress

•• SetSet ofof fourfour billiardbilliard ballball rackrack airbagsairbags
((geometricallygeometrically thethe same)same)

•• EachEach airbagairbag isis aa sixsix lobeslobes withwith 22mm diameterdiameter
•• AirbagAirbag petalpetal volumevolume 1616..22 mm33 =>=> totaltotal volumevolume

6464..88 mm33

DESIGNDESIGN

Non Vented AirbagNon Vented Airbag
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Non Vented AirbagNon Vented Airbag
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Vented vs Non VentedVented vs Non Vented

Vented AirbagVented Airbag

Advantages:Advantages:
No payload reboundsNo payload rebounds
Lower airbag massLower airbag mass
Lower platform massLower platform mass

Disadvantages:Disadvantages:
Vent Control Unit neededVent Control Unit needed
Higher GNC accuracyHigher GNC accuracy

Non Vented AirbagNon Vented Airbag

Advantages :Advantages :
No control neededNo control needed
Limited GNC accuracyLimited GNC accuracy

Disadvantages :Disadvantages :
Several payload reboundsSeveral payload rebounds
Higher airbag massHigher airbag mass
Higher platform massHigher platform mass
Retraction system neededRetraction system needed
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New ExoMars Requirements in 2008New ExoMars Requirements in 2008

Lander mass:Lander mass: 600 kg600 kg
Vertical velocity at impact:Vertical velocity at impact: 10 m/s10 m/s
Horizontal velocity at impact:Horizontal velocity at impact: 3 m/s3 m/s
Lander attitude at impact:Lander attitude at impact: ±± 12 deg12 deg
Terrain slope:Terrain slope: ±± 18 deg18 deg
Rock clearance:Rock clearance: 0.5 m0.5 m
Max deceleration at impact:Max deceleration at impact: 40 g40 gEE
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New Vent Control LogicNew Vent Control Logic
Vent Control SystemVent Control System

Vent ControlVent Control
UnitUnit

PeripheralsPeripherals
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New Vent Control LogicNew Vent Control Logic
STARTSTART

INITIAL VELOCITY ACQUISITIONINITIAL VELOCITY ACQUISITION

ACCELEROMETER DATA ACQUISITIONACCELEROMETER DATA ACQUISITION

INTEGRATIONINTEGRATION

ACTUAL VELOCITY CALCULATIONACTUAL VELOCITY CALCULATION

ARM ARM 
VELOCITY VELOCITY 
REACHED?REACHED?

YESYES

NONO

ACCELEROMETER DATA ACQUISITIONACCELEROMETER DATA ACQUISITION

INTEGRATIONINTEGRATION

ACTUAL VELOCITY CALCULATIONACTUAL VELOCITY CALCULATION

K=0; VK=0; VMAXMAX=0=0

K=0K=0

K=K+1K=K+1
K=K+1K=K+1

VVMAXMAX=V=Vii--11

K > 20K > 20

ACCELEROMETER DATA ACQUISITIONACCELEROMETER DATA ACQUISITION

INTEGRATIONINTEGRATION

ACTUAL VELOCITY CALCULATIONACTUAL VELOCITY CALCULATION

FIRE  VELOCITY FIRE  VELOCITY 
REACHED?REACHED?

FIREFIRE

FIRE VELOCITY DEFINITION AS f( VFIRE VELOCITY DEFINITION AS f( VMAXMAX))

SISI

SISI

YESYES

YESYES

NONO

NONO

NONO
NONO

Vi < VVi < Vii--11

Intrinsically robust sensorIntrinsically robust sensor

“Adaptive” Logic to the impact “Adaptive” Logic to the impact 
conditionsconditions

Lighter software requiredLighter software required
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DYNA Model CorrelationDYNA Model Correlation

RigidRigid

RigidRigid

Drop tests inDrop tests in
Earth conditionsEarth conditions

Dyna modelDyna model
correlationcorrelation

Dyna simulationsDyna simulations
in Mars conditionsin Mars conditions
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Drop Test Example (Earth)Drop Test Example (Earth)

24_03_2009_CAM_LATERALE.MOV
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DYNA Model Example (Mars)DYNA Model Example (Mars)
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Vent Test in Vacuum ChamberVent Test in Vacuum Chamber

Verify the valve thermodynamic Verify the valve thermodynamic 
performances in sonic regimeperformances in sonic regime

Verify the overall valve delay before Verify the overall valve delay before 
gas discharginggas discharging

Get all the data needed to obtain a Get all the data needed to obtain a 
good LSgood LS--Dyna model correlated to the Dyna model correlated to the 

Mars environmentMars environment
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Vent Test in Vacuum ChamberVent Test in Vacuum Chamber

• Gas: Helium

• p=158 mbar
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Vent Test in Vacuum ChamberVent Test in Vacuum Chamber

• Gas: Nitrogen

• p=153 mbar
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Inflation Test in Vacuum ChamberInflation Test in Vacuum Chamber

Inflation System BBInflation System BB
Airbag in foldedAirbag in folded
configurationconfiguration

Inflation pressure of 112 barg in order to reach 160 mbar inside the segmentInflation pressure of 112 barg in order to reach 160 mbar inside the segment

Helium gas usedHelium gas used
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Inflation Test in Vacuum ChamberInflation Test in Vacuum Chamber

Inflation system flange Inflation system flange 
detachment from airbag fabricdetachment from airbag fabric

Valve tube (in nylon film) burst Valve tube (in nylon film) burst 
due to the IS jet effectdue to the IS jet effect
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Inflation Test in Vacuum ChamberInflation Test in Vacuum Chamber
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Inflation Test in Vacuum ChamberInflation Test in Vacuum Chamber
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Inflation Test in Vacuum ChamberInflation Test in Vacuum Chamber
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Airbag Fabric Definition and TestsAirbag Fabric Definition and Tests

Elementary Elementary 
teststests

LSLS--Dyna Dyna 
simulationsimulation

SubSub--System System 
level testslevel tests

••Parameters definition (R, Parameters definition (R, , Ft) , Ft) 
••Several fabric layout definition Several fabric layout definition 
(abrasion layer N(abrasion layer N°°)) ••Correlated FEM modelCorrelated FEM model

••Simplified rock modelSimplified rock model

••Penetration force Penetration force 
verification (reaction force verification (reaction force 
on rock)on rock)
••MOS definitionMOS definition

Final airbag Final airbag 
configurationconfiguration

Breaking penetration Breaking penetration 
force definitionforce definition

Fabric layout Fabric layout 
definitiondefinition
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Airbag Fabric Definition and TestsAirbag Fabric Definition and Tests
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Elementary TestsElementary Tests
 Configuration to be tested:Configuration to be tested:

•• Config1: 1 bladder + 1 abrasion layerConfig1: 1 bladder + 1 abrasion layer
•• Config2: 1 bladder + 2 abrasion layerConfig2: 1 bladder + 2 abrasion layer
•• Config3: 1 bladder + 3 abrasion layerConfig3: 1 bladder + 3 abrasion layer

 Parameters :Parameters :
•• Ft= 100N   (2D traction force representative of ABS Ft= 100N   (2D traction force representative of ABS 

membrane stress)membrane stress)
•• R= 2mm   (rock curvature radius)R= 2mm   (rock curvature radius)
•• = 60= 60°° (rock aperture angle)(rock aperture angle)

 Fp_config1= 4153 N    (average penetration force)Fp_config1= 4153 N    (average penetration force)
 Fp_config2= 4664 N    (average penetration force)Fp_config2= 4664 N    (average penetration force)
 Fp_config3= 4818 N    (average penetration force)Fp_config3= 4818 N    (average penetration force)
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Airbag Fabric Compatibility with DHMR Airbag Fabric Compatibility with DHMR 
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Airbag Fabric Compatibility with DHMR Airbag Fabric Compatibility with DHMR 
The test has been performed twice, after the first and The test has been performed twice, after the first and 

second cycle.second cycle.

After sterilization pieces (5x5 cm) of materials and After sterilization pieces (5x5 cm) of materials and 
biobio--indicators have been put into Petri dishes indicators have been put into Petri dishes 
and covered with TSAand covered with TSA--AgarAgar

The dishes have been incubated for 96h (checked The dishes have been incubated for 96h (checked 
after 24, 48, 72 hours).after 24, 48, 72 hours).
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CONCLUSIONS (1/2)CONCLUSIONS (1/2)

FLEXIBLE TECHNOLOGY:FLEXIBLE TECHNOLOGY:

New Vented Airbag design provided and justified New Vented Airbag design provided and justified 
for 420kg and 300kg Mars Landers (Vent Control for 420kg and 300kg Mars Landers (Vent Control 
Logic not changed)Logic not changed)

Controlled Vented Airbag Technology can be Controlled Vented Airbag Technology can be 
easily transferred to terrestrial applicationseasily transferred to terrestrial applications

Lateral bag

Forward bag Rear bag

Time step = 0.0 sec Time step = 0.05 sec Time step = 0.1 sec

Time step = 0.15 sec Time step = 0.2 sec Time step = 0.25 sec

Time step = 0.35 sec Time step = 0.40 sec Time step = 0.45 sec

Time step = 0.50 sec Time step = 0.55 sec Time step = 0.60 sec
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CONCLUSIONS (2/2)CONCLUSIONS (2/2)

Vented Airbag Technology (to be Vented Airbag Technology (to be 
used for Mars Landing) needed used for Mars Landing) needed 
development:development:

Inflation and Drop test verification Inflation and Drop test verification 
in representative Mars ambient in representative Mars ambient 
conditionsconditions
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YOUR ATTENTIONYOUR ATTENTION


